SUMMARY A 5-year follow-up study of a random sample of middle-aged hypertensives indicated that the North Karelia (Finland) Hypertension Detection Project was effective in reducing blood pressure levels. This analysis indicated that the intensification of drug treatment caused marked blood pressure reduction in the community, especially among individuals with previously undetected cases of hypertension. Reduction of blood pressure levels among nontreated persons was observed in this study and may reflect in part the importance of both active case finding and follow-up including health education and preventive services. The community approach used in this study reached and brought under control most of those people who were undetected at the beginning of the study and most of the hypertensives. On the basis of the results, it is concluded that a well-organized hypertension control program can meet the challenge of hypertension care and benefit millions of people throughout the world. The hypertension program in the county of North Karelia in Eastern Finland was launched in 1972 and evaluated for the first 5-year period in 1977. The program, part of a more comprehensive North Karelia Project, introduced systematic hypertension care within the existing health care structure. The aim was to reduce elevated blood pressure and thus contribute to a more general decrease of cardiovascular risk through appropriate detection, treatment, and follow-up of a maximum number of hypertensive persons. The program featured public health education, training of health personnel, reorganization of primary care services, and creation of a new information system. 5 " 7
These results have previously shown the effect of the hypertension program on the community. 9 ' l0 One part of this program was the register of approximately 17,000 hypertensives, results of which have been presented elsewhere. 7 ' l0 '" The hypertensive subjects detected in the 1972 survey were reexamined in 1977 in a longitudinal followup study carried out to analyze the effects of the program on blood pressure levels and hypertension control at the individual level. We present the main results from this cohort study.
Subjects and Methods
The baseline survey was carried out in 1972 in North Karelia and in an area in the county of Kuopio that lies immediately west of North Karelia and has the same geographic, demographic, and socioeconomic features. 8 In the two areas, representative samples of the 25-to 59-year-old population were surveyed; altogether 10,940 were studied, with a participation rate of about 90% of the original sample. Subjects whose blood pressure (BP) was then 2* 175 mm Hg systolic or 3s 100 mm Hg diastolic or were under antihypertensive treatment were invited to be reexamined in 1977. This population was 26% of the male responders and 28% of female responders in the 1972 survey. From the hypertensives examined in 1972, 71% of the men
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and 81% of the women in North Karelia and respectively 73% and 78% in the reference area participated in reexamination in 1977 (table 1) . Altogether 116 persons, including 16% of the nonparticipants, died during the period. Reasons for not participating could not be established for approximately two-thirds of the nonparticipators. Tables 1 and 2 show the sample sizes and participation rates in 1972, the percentage of hypertensives, and the percentage of the people who participated in the reexamination. The persons found hypertensives in 1972 were told about it immediately at the examination and later by a letter, which advised them to contact their doctor or local health center. The responsibility for diagnostic and therapeutic procedures was left to the local health services.
The survey protocols were similar in 1972 and 1977 in the two areas. Ten days before the examination, the subjects received a letter that contained an invitation to the examination and a questionnaire. They were asked to fill out the questionnaires at home. At the examination place, specially trained nurses checked the questionnaires, conducted the physical measurements, and took the blood samples. A casual BP was measured in the right arm with a sphygmomanometer after the subjects had rested for 5 minutes in the sitting position. The cuff size was 24 cm x 12.5 cm. The appearance of the Korotkoff sounds was recorded as the systolic blood pressure (SBP) and the disappearance of the sounds (V phase) was recorded as the diastolic blood pressure (DBP). The BP was recorded to the nearest 2 mm Hg.
Subjects reporting previous knowledge of having elevated blood pressure were classified as "aware." Those reporting having taken drugs for hypertension during the previous 7 days, were classified as "treated."
The blood pressure changes were calculated within individuals. Statistical evaluation was made by covariance analyses, with mean changes in blood pressure corrected for initial blood pressure.
Results
The decrease in SBP among both men and women was about double for North Karelia compared to the reference area (table 3) . In both areas, the change was greatest in the oldest age groups, which also had the highest initial BP levels. In North Karelia men, the mean SBP was reduced to 155 mm Hg and in women, to 160 mm Hg; in the reference area, it was reduced to 160 mm Hg and 167 mm Hg respectively. The reduction in DBP was also significantly greater in North Karelia than in the reference area. Among men, the change in DBP in North Karelia was greatest in the younger age groups, but in the reference area the change was greatest among older men. Among men in the reference area, the mean DBP still remained over 100 mm Hg in 1977. Older women attained the greatest BP decrease in North Karelia whereas the greatest change among women in the reference area was in the youngest age group (table 4). "Hypertensive" was interpreted as a systolic blood pressure over 175 mm Hg or a diastolic pressure over 100 mm Hg, or under antihypertensive drug treatment.
includes only persons whose blood pressure was measured in the baseline survey. The proportion of men treated increased during the follow-up time in both areas, but more so in North Karelia where in 1977 altogether 41% of all hypertensive men were under drug treatment. In the reference area, a smaller proportion was treated in each age group than in North Karelia. However, among the oldest men (50-59 years), almost half were under drug treatment, as in North Karelia. Changes among women were similar in both areas; in North Karelia 55% and in the reference area 56% of female hypertensives were treated in 1977 (table 5) .
Subjects who were already aware of their elevated BP before 1972 had a SBP about 10 mm Hg higher than those who were first found to be hypertensive in the study situation in 1972. The reduction in mean SBP was at least double in North Karelia compared to the reference area in all subgroups. The decrease in mean SBP was greater among the aware subjects before 1972 VOL 5 Main effects and interactions in the SBP change in North Karelia and reference area: area = p < 0.001: sex = NS; age = p < 0.05: area-sex = NS: area-age = NS: sex-age = NS: area-sex-age = NS.
( -15 mm Hg in men; -19 mm Hg in women) than those who were not aware ( -1 1 mm Hg in men; -14 mm Hg in women) whereas in the reference area the decrease in both groups was similar ( -6 mm Hg in men; -9 mm Hg in women) among aware and those who were not aware (-5 mm Hg in men; -7 mm Hg in women) (table 6) .
Reductions in mean DBP were about double in different subgroups in North Karelia compared to the reference area. In contrast to the SBP, the decrease in mean DBP was slightly greater among those who were not aware at the beginning of the follow-up than among the previously "known" hypertensives (table   7) . As a whole, the difference between the areas in the reduction of both SBP and DBP was the least among subjects who were treated in 1977.
In table 8, the changes in mean SBP are presented according to treatment at the beginning and end of the follow-up. The possible influence of the baseline values on the mean BPs was taken care by covariance correction for the baseline values. Treatment had a significant effect (p < 0.001) on the mean SBP reduction. Except for North Karelian women under treatment at both surveys, the greatest decrease in the SBP was seen among those who were not under treatment in 1972 but treated in 1977. For all subgroups, decrease was again greater among the North Karelian hypertensives than among those in the reference area. The smallest reduction in North Karelia appeared among those whose treatment was discontinued during the follow-up time; in the reference area, an increase of as much as 7 mm Hg in the SBP was observed for such individuals. Interestingly, the group that was not under treatment either in 1972 or in 1977 experienced a substantial decrease in mean SBP, which was greater in North Karelia compared with the reference area (table 8). In both areas the reductions were greater among women than men in all treatment groups, and the treatment effect was significantly better among women (p < 0.05).
Changes in mean DBP in the four treated subgroups followed the same general trend that was seen with the SBP (table 9) . The highest baseline levels were found among those two groups treated in 1977. The reduction was associated significantly with area (North Karelia > reference area), sex (female > male), and antihypertensive drug treatment. In North Karelia, women experienced greater reductions than men in all sub- (table 9) . In North Karelia, the original differences in the BP levels between the subgroups disappear, but in the reference area those who had stopped their treatment during the follow-up turned out to have the highest mean levels of SBP and DBP in 1977.
Among those whose SBP or DBP was initially (1972) "high" (over the median), the frequency of drug treatment increased in both areas among men and women. However, there was a marked increase also in the frequency of treated subjects among those whose initial SBP or DBP was " l o w . " The increase was greater in North Karelia than in the reference area, especially among those who had initially low SBP or DBP (table 10). The mean changes among those who Main effects and interactions in the SBP change in North Karelia and in the reference area: area = p < 0.001; sex = NS; treatment = p < 0.001; area-sex = NS; area-treatment = NS; sex-treatment = p < 0.05; area-sex-treatment = NS. Main effects and interactions in the DBP change in North Karelia and in the reference area: area = p < 0.001; sex = p < 0.001; treatment = p < 0.001; area-sex = p < 0.001; area-treatment = NS; sex-treatment = p < 0.05; area-sextreatment = NS.
initially had a "high" SBP or DBP ( > median) was Discussion significantly greater than among persons with a " l o w " A 6.6% random sample of the population aged 25 to initial DBP (^ median) among both sexes and in both 59 years in North Karelia and in a matched reference areas (table 11) . Although numerically the change in area was examined in a survey in 1972. Those who North Karelia was greater than in the reference area, were hypertensive at this survey were followed during the initial BP level and sex had similar interactions the subsequent 5 years and reexamined in 1977. Rewith the BP changes in both areas.
suits of the reexamination clearly show that the care of hypertension in the North Karelian cohort was associated with a more favorable outcome than in a similar cohort of hypertensives in the reference area. Both the SBP and DBP levels had decreased significantly more in North Karelia than in the reference area. In the reference area, the care, including the follow-up of patients, reflected the general development of the whole of Finland. This cohort of hypertensives is a valid representation of the population of the two areas in 1972 since the participation rate in the survey averaged 90%. 8 A similar participation rate was documented in the follow-up examination in both areas. There are no indications that the nonparticipants in 1977 would have much differed from the participants in the two areas. This is seen in a separate study concerning prescription habits, which was carried out in a subsample of these hypertensives in both areas. 9 Prescription duplicates were retrospectively collected and evaluated. This evaluation also showed that the nonparticipants in the 1977 survey did not differ significantly regarding medication frequency or compliance from the participants. If anything, in North Karelia there might be more treated persons among the nonparticipants in the reexamination, whereas in the reference area nonparticipants were probably more often untreated.
The proportion of the treated males, initially 13% in both areas, in this cohort increased to 41% in North Karelia and to 34% in the reference area. At the same time, mean blood pressure values decreased among North Karelian men by 12/9 mm Hg and among the reference area men 5/5 mm Hg. The BP reductions among those men who were on antihypertensive medication at the end of the program was greater in North Karelia than in the reference area. The greatest reductions in both areas were found among those who were untreated at the beginning but began treatment during the follow-up period; there was a decline of 18/8 mm Hg among men and 22/13 mm Hg among women in North Karelia and 12/6 mm Hg among men and 15/8 mm Hg among women in the reference area. Especially significant reductions were found among those who were not aware of their high blood pressure at the beginning of the follow-up. The reductions in diastolic pressures in those persons were even greater than in those who were previously aware of their blood pressure. However, the differences in changes between areas existed in each treatment group.
Follow-up of a hypertensive cohort in a community, although based on a random sample, cannot alone provide reliable information of the overall effect of the program. Newly found hypertensives at the baseline survey in both areas received appropriate information on their BP levels and were advised to contact their doctors. Therefore, the major evaluation of the hypertension program of the North Karelia Project has been based on data sources using separate and independent random samples of the populations at baseline (1972) and terminal (1977), as described in previous reports.
4 " 6 However, data sources such as this cohort of hypertensives in the 1972 baseline survey are needed as well in comprehensive evaluation of large-scale demonstration projects. The third component of the hypertension program evaluation is the hypertension register that has been operating in North Karelia since 1972.7. io. n
Results obtained from the population surveys in 1972 and 1977 using separate random samples showed a blood pressure decrease averaging 6/3 mm Hg in men and 12/6 mm Hg in women aged 30 to 59 years in North Karelia. These changes are free of regression to the mean, which might have some influence in our present analysis of the hypertensive cohort, where the decrease in BP level in North Karelia was greater, averaging 12/9 mm Hg in men and 17/12 mm Hg in women. This decrease was expected since the proportion of treated persons in the hypertensive cohort was more than double in 1977 from that of baseline in each respective population. Because the prevalence of hypertension in 1972 was 28% among men and 34% among women in this adult population, we suggest that the observed decrease of the mean BP levels in the whole North Karelian population was in large measure due to the BP reduction among the hypertensives and thus directly related to the hypertension program of the North Karelia project.
Initiation and pursuit of the drug treatment during the 5-year follow-up was more active in North Karelia than in the reference area, especially among men, who had blood pressure levels above the median at the beginning. And the treatment seemed to be effective; most of the mean blood pressure reduction took place in the group that had a high initial blood pressure level. In both areas, drug treatment made a significant contribution to the blood pressure change.
However, an interesting finding in this study was that those people in North Karelia who were untreated both at the outset and at the end of the 5-year follow-up period also experienced a significant decrease in their BP levels. During recent years, similar findings have been obtained in other long-term follow-up studies of hypertensives, especially among men. 12 -l3 The reason for the decrease despite 5 years of aging, during which blood pressure normally rises, is unknown. Possible explanations might be that: 1) subjects in this group have become used to having BP measured and less anxious; 2) regular follow-up may provide some form of positive psychological support; or 3) that the health education and health promotion may have caused lifestyle changes, such as weight reduction, salt reduction, dietary fat intake changes, etc. The possible association of various factors with BP change, other than antihypertensive drug treatment, will be presented in a separate paper.
Since there were no remarkable differences in the contacts with the health care system and in the blood pressure measurements between areas, the possibly more frequent contacts in the program area cannot be the reason. Only a part of this change could be explained by regression toward the mean effect, since, in the study design, only two measurements were performed in a follow-up period of 5 years. Under these conditions, the effect of the regression should be minimal. Among the men not under treatment during the follow-up, the decreases were 8/10 mm Hg in North Karelia and 3/6 mm Hg in the reference area; among women, 11/12 mm Hg and 6/6 mm Hg respectively. For those initially untreated hypertensives whose blood pressures during the follow-up tended to decrease spontaneously, treatment was less likely to have been started than for those hypertensives whose blood pressures tended to increase. Thus, this kind of process means that tables 8 and 9 obviously underestimate the effect of the initiation of treatment.
The data from the hypertension register in North Karelia, which included approximately 17,000 hypertensives registered during the program period, give further support to our present findings. They also show favorable changes in BP levels among the hypertensives. The mean blood pressure values in patients in the hypertension register decreased by 19/10 mm Hg during the first 3 years of registration. 14 Another analysis of special interest deals with those who were treated in 1972 but had discontinued treatment during the follow-up period. Although the number of persons is small, certain conclusions may be drawn. Among North Karelian men, the initial blood pressure level was lower than in the reference area, and during the 5-year follow-up it decreased. In contrast, in the reference area a higher initial blood pressure level further increased during the follow-up in this group. This might have resulted from a more conservative selection of patients in North Karelia who were advised to discontinue treatment by health personnel, and second, from a more systematic follow-up of North Karelian patients who had stopped their treatment for some reason. In the future there may evolve, as expressed by some investigators, a pattern of treatment that reduces or withdraws antihypertensive drug therapy in a subset of patients who may not need lifelong drug therapy 15 
"
18 or in whom other, nonpharmacological methods, will substitute. "• 20 Such an organized attempt to reduce drug treatment will require a careful follow-up organization like the one in North Karelia, which is integrated into the existing health services.
Systematized follow-up, accommodation to the measurements, and individual health education (diet, smoking) were the means used to affect the blood pressure level. Before 1977, the advice concerning salt reduction was not systematically emphasized in the health education of hypertensive persons. Thus, dietary changes, psychological factors and the regression toward the mean are possible explanations for the differences in blood pressure in the two groups of hypertensives over a 5-year period.
